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I. INTRODUCTION
The CMS collaboration has recently reported a peak at invariant mass m X = 28.3 ± 0.4 GeV (1) of µ + µ − pairs produced in association with b jet in pp-collisions at the LHC [1] . The peak appeared in the 8 TeV data with 19.7 fb −1 of integrated luminosity, while no significant excess was found in the 13 TeV data with 35.9 fb −1 of integrated luminosity. The observation was made for two event categories with different cuts on jets directions with the local significancies of 4.2 and 2.9 standard deviations (see the paper for the details). The fiducial cross section for both categories is at the level of 4 fb. Signal selection efficiency can strongly depend on the production process, so to evaluate the total σ × Br(X → µ + µ − ) a particular model is required. The CMS paper does not study any specific model, so only the fiducial cross sections were provided.
The reported width of the peak is Γ (exp.) X = 1.8 ± 0.8 GeV (2) which is several times larger than the expected mass resolution for a dimuon system σ µµ = 0.45 GeV.
We shall study whether the resonance X (if its existence will be confirmed in the future)
can explain the deviation of the measured value of the muon anomalous magnetic moment a µ ≡ (g − 2) µ /2 from the Standard Model value
(26.8 ± 7.6) · 10 −10 , see [3] .
In the following numerical estimates we will use the average of these two values:
II. X CONTRIBUTIONS TO δa µ Let us consider the Standard Model extended with a field X. Its contribution to the muon anomalous magnetic moment depends on X spin. We will consider the following four possibilities: scalar S, pseudoscalar P , vector V , axial vector A. Their coupling to muons is described by the following terms in the Lagrangian:
An exchange of X contributes at one loop to a µ (see Fig. 1 ). The following results were obtained in [4, Eq. (260)]:
where m X ≫ m µ is supposed. Only the scalar and vector X can resolve the discrepancy (4).
Equating (4) to δa 
In this case the X → µ + µ − decay width
and the corresponding branching ratios
Since the uncertainty in the measurement of Γ X is rather large, the X → µ + µ − decay can dominate or even be the only decay of X.
Another possibility is that X can decay to other particles. For the scalar, such a small branching ratio can be naturally explained if S couples to τ + τ − as well, and the coupling constants are
proportional to µ and τ masses correspondingly. Then
which is in agreement with the reported value (2).
One of the most natural generalizations of the SM is the model with additional heavy Higgs doublet, the so-called two Higgs doublets model (2HDM). Quite unexpectedly, the leading contributions to a µ in this model for some values of parameters arise at the two-loop level (see Fig. 2 ), and light spin zero particle is needed to compensate the two-loop suppression [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . It was found that a light pseudoscalar boson P with strong couplings to leptons could explain the current value of δa µ (4). According to a recent paper [15] , in a very small parameter region around m A = 20 GeV the extra contribution to a µ even exceeds the one needed to explain deviation (4). That is why it looks very appealing to identify the resonance found in [1] as the pseudoscalar boson P from 2HDM, resolving simultaneously the problem with muon anomaly. For this reason we will not discard pseudoscalar P from consideration yet.
III. LEP DATA AND X
If X is responsible for the muon anomaly then we know X coupling to muons, see Section II.
In this section we are going to investigate how X modifies Z boson properties. The width of Z decay to a fermion-antifermion pair and a pseudoscalar is [16] 
where N c is the number of fermion colors, g V and g A are the axial and vector couplings of the
is the third component of the weak isospin, and Q is the electric charge of the fermion),
In this formula the fermion is assumed to be massless, and in this limit it also works for the scalar X.
The X particle will provide an extra contribution to Z → 4µ decay through the following
. According to (14) ,
where the value of Y Sµµ from (10) was substituted. Hence
and even for Br(X → µ + µ − ) = 1 it is one order of magnitude less than the experimental error:
The value. In this case Γ X ≈ 0.6 GeV both for the scalar and pseudoscalar X, which is in agreement with the estimate (13).
X → νν decay increases the invisible Z boson width by the following quantity:
Since experimental uncertainty in the value of Γ(Z → invisible) is about 1.5 MeV, the value of Y Xνν of the order of one is allowed leading to a GeV width of X → νν decay.
The X boson is seen by the CMS in association with at least one b-tagged jet. Let us consider if it can be produced via radiation from b quark. Let the coupling of X with b-quarks be described by interactions analogous to (5):
∆L P bb = iY P bbb γ 5 b P (pseudoscalar X),
In Ref. [1] , the CMS collaboration reports fiducial cross sections for two event categories. In both cases exactly two jets with high p T are required, one of which is b-tagged, and the b-tagged jet has to be in the barrel region. The main difference between the categories is in the direction of the untagged jet: it can be in either the endcap or the barrel regions. In the following the first event category will be considered since it possesses the highest significance of 4.2 standard deviations.
The corresponding fiducial cross section is
and the cuts are summarized in Table 1 from [1] .
To calculate the cross section of X production at the LHC, CalcHEP 3.6.30 [19] was used.
CalcHEP parameters were updated to their modern values according to Ref. [17] .
MMHT2014nnlo68cl [20] from the Les Houches PDF library [21] was used as the set of parton distribution functions.
Calculated cross sections for the first event category cuts (fiducial cross sections) are presented in Table I . Thus, the events with two b jets correspond to approximately one sixth of the reported fiducial cross section (20) .
The search for the light pseudoscalar boson, produced in association with two b jets and decaying into two muons, was performed at √ s = 8 TeV in the previous CMS paper [22] . It was found that σ pp → bbP × Br (P → µµ) > 350 fb is excluded at 95% confidence level for M P = 30 GeV. To compare the observed excess with this result we are going to separate the processes with two b jets in the final state and find the total cross section which corresponds to the observed fiducial one.
In order to do that we have to find the cut efficiency for the subprocesses with two b jets in the final state, i.e. we need the total cross sections for these subprocesses. The CalcHEP results for these cross sections are summarized in the Table II .
With the help of the data from Table I we can find the contribution of each subprocess into the reported fiducial cross section (20) without knowing the coupling constants Y Xbb and Y Xµµ :
Signal selection efficiency ε depends on the subprocess. We will calculate it using data from Tables I and II :
Then we obtain the cross section for individual subprocesses:
Then for cross section of subprocesses with two b jets in final state we get Substituting the data from Tables I and II into (24) we get σ (pp → X + 2b-jets) ×Br (X → µµ) much larger than the bound at the level of 350 fb observed in the previous CMS paper [22] .
Therefore, the mechanism discussed in this section cannot be responsible for X production at LHC for any of S, P , V , A.
In the 2HDM discussed in Section II pseudoscalar P is produced mainly by radiation from b quark, just like it is described in this section. Therefore, this model cannot explain experimental data.
V. CONCLUSIONS
An extra scalar or vector can describe the resonance discovered in [1] , and simultaneously resolve the disagreement between the SM prediction for the muon anomalous magnetic moment and its measured value.
Though X was found in association with at least one b jet, the simplest model of its production via radiating from b quark line contradicts the previous CMS paper [22] : while the cuts in the new paper are much stronger (mostly cuts on muons) the fiducial cross section is at the level of the upper limit on fiducial cross section from previous paper. To resolve this contradiction, stronger
